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TRANSONIC AERODYNAMIC CHARACTERISTICS OF SEVERAL BODIES
HAVING ELLIPTICAL CROSS SECTIONS AND VARIOUS PLAN FORMS

By Robert A. Taylor

SUMMARY

The measured force characteristics are presented for a series of
progressively shortened bodies having elliptical cross sections with
major to minor axis ratios of 3 and 4. In addition, a body with a
curved major axis, and a ratio of major to minor axes of U4 was tested
Theobodles were tested through an angle-of~-attack range from —2 through
+12° and a Mach number range from 0.4 to 1.20. Reynolds number based
on the length of the models varied from approximately 9XlO to 21x10°.

TINTRODUCTION

This investigation is part of a systematic program conducted in the
Ames 1lh-foot transonic wind tunnel to determine the aerodynamic charac-
teristics of bodies in the transonic speed range. In a previous report
(ref. 1) the pressure and force measurcmcnts for a series of flattened
bodies with elliptical cross sections with ratios of major to minor axes
of 1.0, 1.5, 2.0, and 3.0 were presented.

The present report presents experimental force data for a series of
progressively shortened bodies having elliptical cross sections with
major to minor axis ratios of 3 and 4. In addition, a body with a
curved major axis, and a ratio of major to minor axes of 4 was tested.

NOTATION
A plan-form area
B base area
C dr fricient, o8
D ag coe 1CcLentv, qooA
cr, 1i£t coefficient, ot

Qoo



max

moment about c.g.

Qoo

pitching-moment coefficient,

D - D
pr—C

pressure coefficient,

center of gravity
body length from nose to point of closure

truncated body length

free-stream Mach number
local static pressure
free-stream static pressure

free-stream dynamic pressure

body radius
Reynolds number based on zb

angle of attack, bodies pitched in plane of minor axis of
elliptical cross section

cylindrical coordinate system (see sketch (a)) where ¢ and
n are normalized by dividing by 1

body radius normalized by dividing by 1

ratio of major to minor axis of body cross section (see
sketch (a))

Subscripts

major and minor axes of the elliptical cross section (see
sketch (a))

average

body base

cambered

maximum

~



APPARATUS AND MODELS

Wind Tunnel

This investigation was conducted in the Ames llh-foot transonic
wind tunnel, which is a closed-return tunnel equipped with a perforated
test section permitting continuous operation from subsonic to low super-
sonic speeds. Each wall of the test section contains 16 longitudinal
slots with each slot containing a corrugated strip as indicated in
figure 1. The ratio of accumulated slot widths (minus the accumulated
width of the corrugated inserts) to tunnel perimeter in the plane normal
to the air stream is equal to 0.054 (usually referred to as the porosity
factor).

MODELS

The eight models considered in this investigation constituted a
series of flat bodies with elliptical cross sections. The ratios of
major to minor axes of the bodies were N\ = 3 and A = 4, An additional
set of models with A = L were cambered by curving the major axis so
that it was part of a circular arc whose radius was equal to 12.75
inches (see sketch (a)). The model

series was developed from a parabolic- Cross-section of (A=4)c body
arc body of revolution with a fine- o
ness ratio of 12 (see ref. 1). The Moior axis

axial distribution of cross-sectional
area was maintained as the bodies
were distorted so as to have ellip-

Lower surface

tical cross sections (except in the Radius

case of model (A=h).). A further

variation in plan form was attained (0,0

by progressively truncating the

bodies. Three plan forms were Qﬁ;\ (Ko, Ho)

considered, the body base locations
being & = 0.58, &€ = 0.72, and

£ =0.85 (see figs. 2 and 3).

Additional geometric characteristics Me| _n ]

are shown in the tabulation below. H “__’///

The centers of moments were located Az Hi/my

approximately at the centroid of the

plan-form area.
Sketch (a)



Couliguralion e’ | T2’ 1 s B, A, CZEE:iis?f
in. in. | in. | £t% | ft® Bly,
A=3,£,=0.85 | 5.19 | 1.73 | 61.45 }0.049]3.26 50
N=3,8,=0.58 5.19 | 1.73 | 41.60 | .186] 2.1k 65
x:h,gb=o.85 6.00 1.50 | 61.45 | .0k9 ] 3.77 50
A=l g =0.72 | 6.00 1.50 | 51.60 | .129] 3.22 60
x:h,gb=o.58 6.00 1.50 { 41.60 | .186] 2.47 65
(A=k) ,,€,=0.85] 6.00 1.50 | 61.45 | .0k9| 3.77 50
(N=h) €, =0-72 6.00 1.50 | 51.60 ] .129] 3.22 60
(x:h)c,gb=o.58 6.00 1.50 | 41.60 | .186{ 2.47 65

The normalized radii of the uncambered bodies are given by

i H(e)

Ncos29 + AZsin®g

H(E) = (1)

where H is the normalized radius of a body of revolution having iden-
tical cross-sectional area.

INSTRUMENTATION

The aerodynamic forces were measured by a strain-gage balance
enclosed within the models. Multiple-tube manometers were photographed
to record the pressure data. Orifices were located on the model base
and in the cavity between the body and sting support in order to measure
base pressures.

TESTS AND PROCEDURE

The uncambered models were tested at angles of attack varying from
-2° to +120, the angle-of-attack range for the cambered body, (A=l).,
g, = 0.58, varied from -10° to 4+12°. Mach number was varied from 0.khO
to 1.20 with a corresponding Reynolds number range of 9.0x10% to 21.0%108




(based on model length ly,), see figure 4. To fix transition, No. 28
Carborundum grits were cemented on the nose of each model,

The experimental data were not corrected for tunnel-wall inter-
ference effects. Considerations of the testing procedure and the data-
reduction process indicate that the free-stream Mach numbers are repeat-
able within %0.002, the angle of attack is accurate within 0.1, and
the pressure coefficient data are repeatable within +0.005.

The experimental data are believed to be affected by sting-support
interference, the magnitudes of which are not fully known. From the
existing data at zero angle of attack for bodies of revolution (refs.

2 and 3), an estimate of sting-support effects was made. The study as
applied to lift-drag ratios at a = 6° (near (L/D)p,y) for the bodies
wvith ¢ = 0.85, indicated the L/D values were 7 percent too high.

The force and pressure data were obtained simultaneously and
reduced to standard coefficient form.

DATA PRESENTATION

The data presented in this report consist of longitudinal force
and moment characteristics at various Mach numbers and angles of attack.

Force Data

The basic 1lift, drag, and pitching-moment data for the models are
presented in figures 5 through 11. The drag coefficients have not been
adjusted to represent free-stream static pressure at the base of each
model. The average base-drag coefficients are tabulated and presented
in table I. Cross plots of longitudinal characteristics as a function
of Mach number and angle of attack are presented in figures 12 through
20.

Figure 12 shows the variation of lift coefficient with Mach number,
Figure 13 indicates the variation of pitching moment with Mach number,
The variations of drag coefficient with Mach number are shown in figure
14. The variations in lift, drag, and pitching moment with Mach number
at the negative angles of attack for the (A=k),, £, = 0.58 model are
presented in figure 15. TFigure 16 indicates the variation of base-drag
coefficient with Mach number at constant angles of attack for the differ-
ent configurations. The variations of lift-drag ratio with Mach number
at several angles of attack are presented in figures 17 through 19.
Figure 20 indicates the variations in lift-drag ratio with angle of



attack at Mach numbers of 0.90 and 1.20. Locations of the center of
presosure (with respect go the model nose) are presented in fligure 21 for
angles of attack from 2~ to

neo
8

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Mar. 20, 1959
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TABLE I.- TABULATION OF BASE DRAG COEFFICIENT

NI RE A=3 A=k A=k A=k PO, O, | (el
deg | &, = 0.85 £y = 0.58 £y = 0.85 £, = 0.72)¢, = 0.58 &, = 0.85 £, = 0.72|¢, = 0.58
40 | -10 0.0174
-8 0166
-4 0140
-2 0.0141 0.0001 0.0043 0.0112 }-0.0003 0.0040 0129
0 .0135 o} L0041 .0110 ~.0002 L0040 0123
2 L0140 o} L0042 .0112 -.0002 .0040 0129
4 .0152 .0001 L0045 .0120 -.0002 .00L4k 0135
6 L0171 .0002 L0051 .0138 0 .0048 Olhk
8 .0195 .000k4 .0059 L0151 .0002 .0057 0l61
10 .0208 .0005 L0067 .0160 .000k% .0066 0183
12 L0217 .0005 .0070 L0167 .0004 .0075
.60 | -10 OLT4
-8 0166
L 01k5
-2 .01LL .0002 .00k46 L0115 -.0002 .00L6 0134
0 .014%0 .0001 L0043 L0112 -.0003 .ook1 0129
2 .01l42 .0002 L0045 L0116 -.0003 L0041 0132
b L0154 .0003 .0051 L0126 ~.0003 L0045 0140
6 L0174 .0002 .0057 L0145 -.0001 .0050 0182
8 .0199 .0005 .Q06L L0157 .0002 .0058 0169
10 .0212 .0006 .0072 L0165 .0003 .0068 0189
12 .0221 .0007 .007h L0170 .0005 L0116 0205
.90 }-10 0207
-8 0202
-4 o177
-2 L0168 0 .0052 .0139 -.0004 .0049 0159
0 {-0.0001 L0163 0 .00k49 L0135 -.0008 .0046 0154
21 -.0001 L0167 0 .0050 .0lk42 -.0007 L0047 0159
L{o L0175 .000L .0056 L0154 -.0005 .0052 0166
6| -.0001 .0203 .0003 .0063 L0169 -.0002 L0057 0180
7 .0069
8 .0229 .0005 L0184 -.0001 L0070 0195
9 .0005
10 .0243 L0197 0 .0079 0219
11 0232
12 .0254 .000L .0086
.95 | -10 0226
-3 0221
-4 0198
-2 .018% -.0001 .0053 .0158 ~.0006 .0052 0179
o] .0176 -.0001 .0050 .0153 -.0003 L0047 0171
2 .0182 -.0001 .0052 .0160 -.0006 L0048 o175
4 .0199 0 .0058 L0174 -.0005 .0052 0184
6 .0224 .0002 . 0064 .0190 ~.0004 .0058 0192
7 .007L
8 .0251 .0004 L0204 -.0002 .0068 0217
10 .0268 .0221 0] .0082 o244k
12 .0283 0 .0088 0255
9751 o | -.0006
21 -.0003
4 | ~-.0003
6t -.000L




TABLE I.- TABULATION OF BASE DRAG COEFFICIENT - Concluded

a, A=23 A=3 A=h A=k Ano=b (A=l) . (A=k), (A=l
o laeg &, = 0.85) 5, = 0.58]¢, = 0.85[e, = 0.72]5, = 0.58[e, = 0.85], = 0.72[¢ = 0.58
1.00 | -9 0.0303
-8 .0295
-4 L0264
-2 0.0262 |-0.0005 0.0059 0.0230 [-0.0010 0.0047 .0249
0 }-0.0001 .0251 -.0005 .0053 .0222 -.0010 Nelol it .0239
2]o .0255 -.0004 .0055 .0230 -.0010 .00L5 L0234
4 | -.0001 .0272 -.0005 .0061 .0258 -.0009 .00k9 .0255
6 { -.0002 .0307 -.0002 .0070 .0273 -.0008 .0056 L0264
8 .0335 o] .029k ~.0006 .0068 .0287
10 .0351 L0311 -.0005 .0080 .0324
12 .0366 -.0005 .0091
1.025] 0 | -.0001
210
4 | -.0001
6 | -.0002
1.05 | -9 L0326
-8 .0319
-4 .0287
-2 .0262 -.0005 .0110 L0243 .0005 .0107 .0283
0 L0251 -.0005 .0108 .0235 .0003 .010k .0270
2 .0255 -.000k .0110 .0241 .0003 .0107 .0270
L 0272 -.0005 .0118 L0256 .0005 L0115 .0278
6 .0307 -.0002 .0129 .0278 .0006 .0l22 .0296
8 .0335 0 .0297 .0010 .0133 .0326
9 .0308
10 L0351 .0012 L0149 L0357
12 L0366 .0013 .0160
1.10 | -9 .0310
-8 .0310
-k .0287
-2 L0274 .0006 .010k .0241 .0002 .0097 .0271
0 .0005 L0261 .0006 .0101 .0236 .0002 .0097 .0260
2 .0005 L0274 .0008 .010k L0243 .0002 .0098 .0258
i .0008 .0295 .0009 L0112 .0258 .0003 .0103 .0272
6 .0009 .0323 .0012 .0121 .0279 .0006 L0120 .0290
7 L0014
8 L0340 .0293 .0009 .0121 L0314
9 .0303
10 L0357 .0011 .0136 L0341
1l L0143
12 .0369 .0012
1.20 | -9 .0291
-8 .0297
=i .0281
-2 L0266 .0010 .0106 .0230 .0005 .0097 L0265
0 .0010 .0255 .0010 L0104 .o224 .0005 .0099 .0255
2 .0010 .0266 .0011 .0107 .0231 .0005 .0100 .0256
b .0012 .0289 .0013 .0112 L0244 .0006 L0104 .0268
5
6 .00k .0313 .0016 .0119 L0260 .0009 .0112 .0286
7 L0017
8 .0328 .0273 .0012 .0124 .0302
9 .0278
10 .0340 .0015 L0136 .0322
11 L0142
12 .0349 .0016

L)
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Figure 2.- Photograph of the A = L, &, = 0.85 body mounted in the test
section of the Ames 1lh-foot transonic wind tunnel.




11

*STopoOW 9y JO STTEBISP OTIFSWOS) =-°*¢ SIS Td

(pa1aquwol) (b =Y) (pa4aqwod) (= X) (P3iaqupd) >(H = X)

002!

——

y

09°Is

-

09’y

S

860 =9 b=X 2L0:=% b=X 580=% =X
0021
i - | Y
TIS.;. _ r 09'I§ _ * S¥19 - Loo.m
$aYyoul Ul suoisuawiQ
860=9 g¢=X g80=% € =X

t
nE— _A Sv'19 L_ J‘lrwtm




12

30x108 )
e e —
= 20 ¢, 20867 ~
@
[ P 58
© L~ //" S
E ) =
L~ -

> 10 L
o /

0

.3 4 5 .6 N4 .8 .9 1.0 R 1.2 1.3

Mach number, Mg
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Lift coefficient,C

13

o [T,

c R v
2 oA s
05 /VW/
—.25 1 v 7] 4 [ d

-4-2 0 2 4 6 8 |0 |2 Angle of attack, a, deg, for Mx=0.4

a=0 0 OI 0] 0 0] 0] (I)
| | | | | | | |
.25

.20 2 ,
el o 711 TIT s o G0
NEEIENEE 18] o 90
oo | 1419 131 g st
.05 : jé ) : : ! D 1.05
S S %\‘ 1 % 5 120

|
(@]
o ©
—at

.10 =10 Pitching-moment coefficient, Cm, for Mp=0.4
| | I | | ! ]
Cm = 0] 0 0 o 0 0 0]
| | i | | | |
.25 l
.20 . 7 P > Y
" o LA | LA /1 1/

:

g

]& [S

[ARREFNr Ry AN 'S
0 ._' _g ég Jf

B

f

O .02.04.06 Drag coefficient, Cp, for Mp=0.4

l I I I ! |
Cp=0 o) o o) 0 O
| I I | | I

0o
I

o
I

Figure 5.- Lift, drag, and pitching-moment characteristics of the
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Lift coefficient,Cp
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Lift coefficient,C_
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Lift coefficient,Cy

.25 l ;L

:c5> v ,/f'f//fff/ il /A

-05
~4-2 O 2 4 6 8 10 12 Angle of attack, a, deg, for Mg =04

] | | | ] | | |

a=0 o) o) o 0] 0 o) 0

I I | I I I I [

-

.25
.20 . 2 M,
0.40
sAREIND 1 CHE; 'L 5 "0
10 g A .95
{EHEEEE R BN > 100
% % ' ?é o |'(|)o5
R °

1.20

.005 5 . -'%L :%F % % éL
05

-10 Pitching-moment coefficient, Cm, for M= 0.4

.25
20 | , N sl 1AL LA

e I 18 1A £ I 14

0 o—

_ N
4NN

TS

-05
0 02.04.06 Drag coefficient, Cp, for Mo = 0.4
i | | | | 1 | |
Co =(|) (? 0 0 0 0] 0 0

Figure 11.- Lift, drag, and pitching-moment characteristics of the
(x:h)c, £ = 0.85 body.




21

= = Do 0 x=3, &,=058 b Ax=4,£,-0.85
OX:=3,6,20.85 D(=4),£ =058
.2 o X=4, eb =0.58 Q(x:4)c ,£b=o.72
A2=4,§p=072  OA=4),£,:0.85
A
. 8 B Gobat & | &
3 <~ a0
.2
S A
= B BaBof 8 $\
20
2
o .3
3] a=6°
3.2
K| L s
? ﬁ 6o Elﬁ ? ?7
0
3 5°
.2
H 4 ¥ ~—g
! g LR
0]
3 4 .5 6 7 8 9 1.0 L 1.2 1.3

Mach number, Mg

Figure 12.- Variation of 1lift coefficient with Mach number at various
angles of attack.



22

-3 q-2° Ox=3,£,-058 & A=4,£,:0.85
DXA=3,§,:085 D(A=4),£,=0.58
2 O N=4,£,=058 O(\=4)¢,€p=0.72
’ AA=4,£,2072  ©(A=4),€p=0.85
A
b ~ B
.\ 000 3 ‘?
(0]
3 T
£ .2
(&
E E
o |
o - [ ~
o 0 T
(8]
<
.3
g a=6°
£
g‘ .2
S 5 T8 g B ¢ ‘é
o S Tevn| & | T
(0]
.3 q-8°
| F g oo 3
| )
0]

.3 4 .5 .6 7 .8 9 1.0 N 1.2 .3
Mach number, Mg

Figure 13.- Variation of pitching-moment coefficient with Mach number
at various angles of attack.
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Figure 1h.- Variation of drag coefficient with Mach number at various
angles of attack.
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Figure 18.- Variation of lift-drag ratio with Mach number at various
angles of attack for the A = 4 body.
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Lift-drag ratio, L/D

O A=3,£,0.58 b \=4,£,=0.85
0O x=3, §,=0.85 D (»4),§,=0.58
ON=4,£,:058 04),£=0.72
A N=4,£p:0.72 ©(\48),£,=0.85
6
L }L
5 | - >
4 //EP//// - ﬁL
. AL AT | =S B
v AD= = B
87> =g
/
N/ 87 -caBus
//
I ©
0]
2 3 4 ) 6 7 8 9 10 I 4

Angle of attack, a, deg

(a) M, = 0.90

Figure 20.- Variation of lift-drag ratio with angle of attack.



30

Lift-drag ratio, L/D

)]

&)

H

W

O A=3,£,:058
O A=3, £,:0.85
O A4, £p=0.58
AX=4,§p=072

h r=4,§{p=0.85

D (X=4)c,£b =0.58

a(=4)¢,€p=0.72
0 (34),€p=0.85

-

JZ

o

——

Angle of attack, a, deg

(b) Me = 1.20

Figure 20.~ Concluded.

1
> =Y
o 2
A L '
27
Lt
3 5 ) 7 8 9 10 I

.



N=1L70

A=3, €b=0.58

A=3,£,:0.85

A=4,£,:072

A=4 ,€b=0.85

g g

Center-of-pressure location, percent of body length
O
7

>
)

=4),£,=0.58 |

(x=4).,§,=0.85

Figure 21.- Variation of center-of-pressure location with angle of

NASA - Langley Field, Va. A.198

4 6
Angieof attack, a, deg

attack at several Mach numbers.

o Lo

ODDDPebPODOO

Mo
0.40
.60
.90
95
975
1.00
1.025
1.05
I.10
1.20

31



